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Abstract 
This work consists with the use of a Na-Y zeolite for the recovery of Ni2+, Pb2+, Zn2+, Cr6+, Cd2+ and Co2+ ions starting from 
prepared aqueous solutions by batch process mode. Zeolite Na-Y was characterized by XRD, SEM and EDS techniques. The 
sodium exchanged ions existing in zeolite were measured by a potentiometric technique, based to the measure of the potential of 
selective sodium electrode. The ion effect on the exchange percentage of zeolite Na-Y was study. Kinetic, equilibrium and 
thermodynamic studies were also carried out. The obtained results show that zeolite Na-Y is effective in the recovery of the 
studied ions.  
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of  ISWEE’11 
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1. Introduction 
The human activities disturbed in an important way ecological balance of our ground. Among the pollutants 
generated by this activity, the cobalt which is an element of toxic heavy metals, present naturally in the 
environment: in the air, water, ground, rocks, plants and the animals [1]. 
The water pollution by various types of pollutants of industrial or agricultural origins, presents a serious concern 
in the world because of these unfavourable effects exerting on the ecological level. Among the pollutants which are 
characterized by a strong toxicity with weak concentrations even when they exist in the form of traces, one finds the 
heavy metals. The environmental protection forces to limit the contents of these metals to the allowed maximum. It 
is essential to deal with this problem by developing means of treatment which must be reliable and effective and 
inexpensive. The recovery of heavy metals is important for the control of the pollution of the environment, the 
protection of the resources of the water and for the protection of pubic health. For a better pollution treatment, the 
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researchers propose data processing sequences which are unfortunately expensive. This brought to seek economic 
and profitable methods using materials with adsorption characteristics as zeolites [2-4]. The increasing application 
of microporous materials is due to their physicochemical characteristics [5]. Zeolites have a regular porous structure 
generating an important specific area and a good thermal stability. Faujasite zeolites are a suitable choice as they 
have a large cation exchange capacity and an affinity for heavy metals. The NaY zeolite cations are located in the 
sodalite super cage and double hexagonal rings of the zeolite framework. Super cages are able to accommodate 
many cations, even those with high hydrated radii, due to their aperture (8 Å) and diameter (13 Å) [6-7]. 
2. Experimental procedure 
The molar composition of used Na-Y is 1.1Na2O 1Al2O3 1.26SiO2 92H2O. The Na-Y was calcined by heating at 
600°C during 6 h in air and was characterized by X-ray powder diffraction (Philips XPERT PRO, using CuKα
radiation), at a scan range 2θ from 5 to 50°. Surface morphology was observed by using scanning electronic 
microscopy (Philips XL 30) equipped with energy dispersive spectrometry for chemical analysis (EDS). Figure 1 
and Figure 2 show the X ray diffraction spectrum and the crystal morphology of Na-Y zeolite respectively.
     
Fig.1. X ray diffraction spectrum of Na-Y zeolite.                      Fig.2. Morphology of the crystal of Na-Y by scanning   electronic microscopy. 
                                                
The obtained chemical analysis by energy dispersive spectroscopy (Fig.3) shows the presence of framework Al 
and Si elements. The molar Si/Al ratio for used Na-Y zeolite is about 3.2.  The presence also of the sodium element 
in the structure of zeolite indicates that is prepared by basic hydrothermal method. It is known that Na+ cations are 
not fixed rigidly to the hydrated zeolite structure and are readily exchanged with other cations in aqueous solutions 
[1-3].  
Fig.3. Energy spectrum by EDS of Na-Y zeolite 
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The recovery of Ni2+, Pb2+, Zn2+, Cr6+, Cd2+ and Co2+ ions on Na-Y zeolite was carried out using the batch 
method. In this study, all experiments were performed in the following optimal conditions: metal concentration, 50 
mg/L; temperature, 25°C; solution pH, 5 to avoid any possible hydroxide precipitation; solid-liquid ratio, 2 and 
contact time, 2 hours.    
The exchanged sodium Na+ ions were measured by ion selective potentiometric method [8] using a sodium and 
Ag/AgCl reference electrodes and Radiometer potentiometer model. 
The exchange percentage (TE) is expressed by the following relation: 
TE(%) = 100 (C0 – Ce)/C0                  (1) 
Where 0C : exchanged initial ion concentration and Ce: equilibrium ion concentration 
3. Results and discussions
3.1. Ion effect 
The figure 4 shows the ion effect on the exchange percentage. It can be clearly that the affinity of Na-Y zeolite 
for the studied ions varies as follows: Co2+>Ni2+>Zn2+>Pb2+>Cr6+>Cd2+. The results can be explained by the 
physical and chemical properties of the metal ions as the ionic radii of metals. This last is an important factor for the 
exchange in terms of diffusion and site of adsorption in the zeolite structure. The atomic radii of Co2+, Ni2+ and Zn2+
cations are 0.082, 0.078 and 0.083 nm respectively.  
These cations are easily exchanged with those of Na+ zeolite Na-Y (0.098 nm). In the other hand, the atomic radii 
of Pb2+ and Cd2+ are 0.132 and 0.103 nm. Theses metal cations have also the greatest atomic weight. This probably 
explains the performances of Pb2+ and Cd2+. The Cr6+ cation with the lowest ionic radii has poor performances 
compared to those of Co2+, Ni2+ and Zn2+ cations. It is due probably to the nature of Cr6+ cations witch are not stable 
and vary with the pH solution as reported in the literature [9]. The exchange percentage increased with increasing 
pH to a maximum value (pH = 6) and then declines rather rapidly with further increase in pH. The decrease of 
exchange efficiency at pH values greater than 6 is, mainly due to hydroxide chromium species [9]. 
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Fig.4. Ion effect on the exchange percentage of Na-Y zeolite   
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3.2. Kinetic 
Pseudo first-order and pseudo second-order models were used to investigate the recovery dynamics processes of 
different metal ions on Na-Y zeolite. The linear forms of these models are expressed by the following equations: 
log(qe-qt) = logqe – k1ads (t /2.303)                                      (2) 
t/qt = (1/k2adsqe2) + (t/qe)                                               (3)
where qe and qt are the adsorption capacity (mg/g) at equilibrium and at time t respectively.  
The results of the experimental data fitting with these models (Fig. 5) for the recovery of metal ions on zeolite 
Na-Y are summarized in Table 1. It can be seen for each metal ion that the correlation coefficients (R2) is greater for 
the pseudo second-order model than that for the pseudo first-order model. This indicating a better fit with the pseudo 
second-order model. 
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Fig.5. Pseudo first (a) and second (b) order model kinetics of the recovery of Ni2+, Pb2+,  Zn2+, Cr6+,Cd2+ and Co2+ ions on Na-Y zeolite 
Tableau 1. Kinetic parameters for the recovery of Ni2+, Pb2+,  Zn2+, Cr6+,Cd2+ and Co2+ ions on Na-Y zeolite 
qe(exp)(mg/g)
Pseudo first order constants  Pseudo second order constants 
K1ads(min-1) qe(cal)(mg/g) R2 K2ads(g/mg.min) qe(cal)(mg/g) h (mg/g/min) R2
Cr6+ 
Pb2+ 
Zn2+ 
Co2+ 
Ni2+ 
Cd2+ 
21,376 
29,591 
73.182 
18,113 
20,342 
21,148 
0,0487 
0,0274 
0.0115 
0,0322 
0,0398 
0,0216 
4,672 
4,705 
3.689 
21,98 
4,543 
3,538 
0,993 
0,975 
0.952 
0,987 
0,995 
0,940 
0,0086 
0,0104 
0.0086 
0,0030 
0,0098 
0,0020 
21,900 
30,048 
96.15 
21,986 
19,956 
21,697 
4,114 
9,426 
7.950 
1,167 
4,156 
0,955 
0,999 
0,999 
0.991 
0,991 
0,998 
0,991 
The better fit of this model to our experimental results qe(exp) was also seen in a much closer way at equilibrium 
between the experimental values of qe(cal), determined from the pseudo first-order model, and values obtained from 
the second-order model.  
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These results showed that the pseudo second-order sorption model is the most prevalent for recovery of study 
metal ions and that the overall rate constants of each ion exchange process appears to be controlled by the chemical 
sorption process. 
3.3. Thermodynamic study
The main thermodynamic parameters such as enthalpy of adsorption ∆H°ads, entropy change ∆S°ads, and free 
energy ∆G°ads for the recovery of different metal ions onto Na-Y zeolite were determined using the following 
equations: 
ln Kd = (∆S°ads / R) – (∆H°ads / RT)                  (4) 
∆G°ads = ∆H°ads - T∆S°ads                                                   (5) 
The values of ∆H°ads and ∆S°ads were obtained as the slope and the intercept after linear regression the plot (ln Kd
against 1/T). The results of the determined thermodynamic parameters for the recovery of different metal ions onto 
Na-Y zeolite are given in Table 2. One may notice that all ∆G°ads values are negative for Co2+, Ni2+ and Zn2+, 
indicating that the exchange process is spontaneous. However, the ∆G°ads values are positive for Pb2+, Cd2+ and Cr3+, 
indicating that the exchange process is non spontaneous and suggesting the existence of an energy barrier. In the 
other hand, all ∆H°ads values indicated that the exchange process is endothermic for the recovery meal ions.  
Tableau 2.Thermodynamical parameters ∆S0, ∆H0 and ∆G0 for the recovery of Ni2+, Pb2+,  Zn2+, Cr6+,Cd2+ and Co2+ ions on Na-Y zeolite.           
Metal 
cations 
∆H0 (kJ/mole) ∆S0 (J/mole.K) ∆Go
(kJ/mole)            
298 K 
∆Go
(kJ/mole)   
303 K 
∆Go
(kJ/mole)          
313 K 
∆Go
(kJ/mole)            
323 K 
Co2+ - 36.258 - 61.742 - 17.859 - 17.551 - 16.933 - 16.316 
Zn2+ - 23.690 - 22.560 - 16.967 - 16.854  - 16.628 - 16.403 
Ni2+ - 21.543 - 50.432 - 15.321 - 15.123 - 14.542 - 14.231 
Cd2+ - 12.843 - 49.077     1.535     2.026     2.517     3.008 
Cr(IV) - 12.837 - 49.840     1.765     2.263     2.762     3.260 
Pb2+ - 43.454 - 253.294   28.228   30.761   33.420   37.169 
4. Conclusion 
In the present work, we reported the treatment of polluted aqueous solutions by Ni2+, Pb2+, Zn2+, Cr+6, Cd+2 and Co+2 
ions by ion exchange process using faujasite Na-Y zeolite. The affinity of Na-Y zeolite for the studied ions varies as 
follows: Co2+>Ni2+>Zn2+>Pb2+>Cr6+>Cd2+.  
The analysis of the kinetic and rate constants revealed that the pseudo second-order seems to be the best fit for the 
recovery of study metal ions. The negative values of the adsorption Gibbs free energy ∆G°ads of investigated Co2+, 
Ni2+ and Zn2+ cations indicate that the exchange process is spontaneous. However,  the positive ∆G°ads values of 
Pb2+, Cd2+ and Cr3+ cations indicate that the exchange process is non spontaneous and suggest the existence of an 
energy barrier. All negative ∆H°ads values indicated that the exchange process is endothermic for the recovery metal 
ions.  
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